USAARL Report No. 2002-15
Noise Attenuation in HALO Vertical
~Wind Tunnel Training

by Dale A, Ostler, Paul A. Cain, and Elmaree Gordon (USAARL) and Eric W.
Fallon (Womack Army Medical Center, Fort Bragg, NC)

Aircrew Protection Division

- July 2002

Approved for public reléase, distribution unlimited.

U.S. Army
Aeromedical Research
Laboratory




Notice

Qualified requesters

Qualified requesters may obtain copies from the Defense Technical Information Center (DTIC),
8725 John J Kingman Road, Suite 0944, Fort Belvoir, Virginia 22060-6218. Orders will be
expedited if placed through the librarian or other person designated to request documents from
DTIC.

Change of address

Organizations receiving reports from the U.S. Army Aeromedical Research Laboratory on
automatic mailing lists should confirm correct address when corresponding about Laboratory
reports.

Disposition
Destroy this document when it is no longer needed. Do not return it to the originator.
Disclaimer

The views, opinions, and/or findings contained in this report are those of the author(s) and
should not be construed as an official Department of the Army position, policy, or decision,
unless so designated by other official documentation. Citation of trade names in this report does
not constitute an official Department of the Army endorsement or approval of the use of such
commercial items.

Human use

Human subjects participated in this study. IAW USAMRMC 70-25, Appendix F, paragraph “g”
and “h” exemption from Human Use Informed Consent was approved. Data collected in this
protocol was from a volunteer participant involved in his routine duties. Investigators adhered to

AR 70-25 and USAMRMC Regulation 70-25 on Use of Volunteers in Research.



Unclassified

SECURITY CLASSIFICATION OF THIS PAGE

REPORT DOCUMENTATION PAGE o pproved
: OMB No. 0704-0188
1a. REPORT SECURITY CLASSIFICATION 1b. RESTRICTIVE MARKINGS
Unclassified
2a. SECURITY CLASSIFICATION AUTHORITY 3. DISTRIBUTION / AVAILABILITY OF REPORT
Approved for public release, distribution
2b. DECLASSIFICATION / DOWNGRADING SCHEDULE unlimited
4. PERFORMING ORGANIZATION REPORT NUMBER(S) 5. MONITORING ORGANIZATION REPORT NUMBER(S)
USAARL Report No. 2002-15
6a. NAME OF PERFORMING ORGANIZATION 6b. OFFICE SYMBOL 7a. NAME OF MONITORING ORGANIZATION
U.S. Army Aeromedical (If applicable) U.S. Army Medical Research and Materiel
Research Laboratory MCMR -UAD Command
6c. ADDRESS (City, State, and ZIP Code) 7b. ADDRESS (City, State, and ZIP Code)
P.0. Box 620577 504 Scott Street
Fort Rucker, AL 36362-0577 Fort Detrick MD 21702-5012
8a. NAME OF FUNDING / SPONSORING 8b. OFFICE SYMBOL 9. PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER
ORGANIZATION (If applicable)
8c. ADDRESS (City, State, and ZIP Code) L10._SOURCE OF FUNDING NUMBERS
PROGRAM PROJECT TASK WORK UNIT
ELEMENT NO. | NO. NO. ACCESSION NO.
622787 878 321 DA360347

11. TITLE (Include Security Classification)
Noise Attenuation in HALO Vertical Wind Tunnel Training (Unclassified)

12. PERSONAL AUTHOR(S)
Dale A. Ostler,Paul A. Cain,Elmaree Gordon (USAARL),and Eric W. Fallon (WAMC, Fort Bragg, NC)

13a. TYPE OF REPORT 13b. TIME COVERED 14. DATE OF REPORT (Year, Month, Day) 15. PAGE COUNT
Final FROM TO 2002 July 19

16. SUPPLEMENTAL NOTATION

17. COSATI CODES 18. SUBJECT TERMS (Continue on reverse if necessary and identify by block number)
FIELD GROUP SUB-GROUP Vertical Wind Tunnel, VWT, High Altitude Low Opening,
23 04 HALO, Double Hearing Protection

19. ABSTRACT (Continue on reverse if necessary and identify by block number)
The Vertical Wind Tunnel (VWT) at Ft. Bragg, NC is one of the Army's training grounds for
High Altitude Low Opening (HALO) parachute jumpers. Due to the nature of the operation
(i.e. jet engine and high wind stream) personnel using the VWT are exposed to steady-state
noise levels in excess of 120 dBA SPL (sound pressure level). These levels exceed the
safe noise exposure limits stipulated in DA PAM 40-501 even when double hearing protection
is worn; therefore, time limits on noise exposure must be enforced. These time limits
substantially curtail training efforts and impact military readiness status. Efforts have
been made to increase the attenuation provided by the helmets worn in the VWT. An
innovative approach was used to measure the at-the-ear noise levels under five different
parachutist's helmets in the VWT. Subsequently, an estimate was made to determine the
maximum allowable time of noise exposure. Results suggest that one of the helmets
provides superior hearing protection to the others, thus allowing sufficient training time
in the VWT. Application of these results and recommendations will be discussed.

20, DISTRIBUTION / AVAILABILITY OF ABSTRACT 21. ABSTRACT SECURITY CLASSIFICATION
UNCLASSIFIED/UNLIMITED || SAMEASRPT. [ | DTIC USERS Unclassified
22a. NAME OF RESPONSIBLE INDIVIDUAL 22b. TELEPHONE (include Area Code) 22¢. OFFICE SYMBOL
Chief, Science Support Center (334) 255-6907 MCMR-UAX-SI
DD Form 1473, JUN 86 Previous editions are obsolete. SECURITY CLASSIFICATION OF THIS PAGE

Unclassified



Acknowledgements

We acknowledge the contributions of SGT(P) Joe Best of USAARL, Mr. James Taylor, SFC
Rob Dodd, Mr. Art Doame, and numerous other personnel involved with the Vertical Wind
Tunnel, Fort Bragg, NC, in the conduct of this study. We thank GENTEX® Western Operations
and ParaSport® Italia for permission to reproduce photographs of the HALO Lightweight
Parachutist Helmet as Figure 2 and the Z1 Full Face Helmet as Figure 3 of thisreport. We also
thank the U.S. Army Center for Health Promotion and Preventive Medicine (CHPPM) for
assistance in conducting the estimate of permissible exposure time. This work was supported by
the United States Army Special Operations Command (USASOC), Fort Bragg, NC.






Table of contents

INEFOTUCTION. ...ttt st e b r e st nenn e ne e 1
1Y = €3 o TSRS 4
RESUILS. ...ttt bt bt h bt b R e et R e e e bt e e 6
DISCUSSION.....utiteteeieetee ettt b ettt bbbt bt bt he e st e s e b et e b e sb e e bt e bt e aeene e e e b e nbeebeneeenenneennas 10
Conclusion and reCoMMENAALIONS .........ccueiiiirireee e sr e eae s 12
REFEIEINCES ...ttt r st bt r e n e n e e 13
AAPPENAIX ..ttt bbb e R R R R e Rt R e e R et e R R e bR e b e ene e e 14
List of figures

1. A HALO jumper in simulated flight in the Vertical Wind Tunnel ............cccoooveiviieieennee. 1
2. GENTEX® HALO Lightweight Parachutist HEIMEL ...........cc.ovvvveevereeeeseeeeneeeseeseesssssenees 3
3. ParaSport® Z1 FUll FACE HEIMEL...........ieeeeeeeeeeeeeeeee e e ee st es e 3
4. The Sony DAT recorder, PC204A, with the B&K Acoustic Front End, Type 5968,

iNn the jumper’s ParaChute POUCK............cceiiicie et nae s 5
5. Knowles, Model 1832, miniature microphone mounted on Silaflex™ formable ear plug

INTNE BN CANGAL ...ttt n e nne 5
6. Wind-steam noise measurement being taken by holding two B&K microphones

(with noise cones) in the wind stream (subject in foreground)...........ccooeeevceeveecenceeseecnene 7
7. Perimeter noise measurement being taken by holding the B& K microphone inside

the wind stream chamber but outside of the Wind Stream............ccccovereriienenecnescseene, 7

8. Average third-octave free-field noise levelsin the Vertical Wind Tunndl ..............cccu...... 8



Table of contents (continued)
List of figures (continued)

9. Average third-octave at-the-ear noise levels for five helmet configurations in the
Vertical Wind Tunnel

10. Average one-octave free-field noise levels in the Vertical Wind Tunnel

11. Average one-octave at-the-ear noise levels for five helmet configurations in the
Vertical Wind Tunnel

12. Permissible noise exposure time limits by helmet condition for double hearing
protection (helmet plus EsA+R plug) in the Vertical Wind Tunnel



Introduction

The Vertical Wind Tunnel (VWT) at Fort Bragg, North Carolina, is the Army’s only flight
simulator for High Altitude Low Opening (HALO) parachute jumpers. It is an octagonshaped
chamber about two-stories high housed in a three-story building. Powered by a 3600-
horsepower jet engine, the VWT is capable of creating wind velocities in excess of 160 miles per
hour (240 feet per second). The wind stream is contained in an area approximately 15 to 20 feet
in diameter. The openings in the floor and ceiling in the center of the room, through which the
wind stream moves, are covered by a net of ropes and the floor opening is bounded by padded
mats. Additional netting forms a hanging canopy from the ceiling to about 10 feet above the
floor and prevents the jJumper from being thrown out of the wind stream. The HALO jumpers,
dressed in an appropriate flight suit and helmet, enter the wind stream from the perimeter of the
room. Figure 1 is a photograph of a HALO jumper in smulated flight in the VWT. Many hours
of hard work are required in the VWT to master the fundamentals of the intricate procedures
involved in this military operation in a safe manner. Even more timein the VWT is required of
the Military Free Fall Instructors (MFFI) who train the HALO candidates.

Figurel. A HALO jumper in simulated flight
in the Vertica Wind Tunndl.

Due of the nature of the operation, personnel using the VWT are exposed to extremely loud
levels of noise. The primary source of the noise is the jet engine located directly overhead
directly through the ceiling opening of the wind tunnel chamber. The secondary noise source is



the high wind velocity and its associated turbulence. A previous estimate of the noise levelsin
the VWT indicated that the overall dB A-weighted (dBA) averageisin excess of 121 dBA SPL
(sound pressure level) . This level of noise clearly exceeds the safe noise exposure limits
stipulated in Department of the Army Pamphlet (DA PAM) 40-501 (1998) even when wearing
double hearing protection (circumaural muffs and earplugs) and requires that time restrictions be
observed when exposed to these exceptionally hazardous levels of noise. Consequently, an
estimate of the permissible exposure time to this level of noise when using double protection (the
Gentex HGU-55/P and the E*A+R earplug) revealed that the maximum allowable time limit for
safe exposure was 3.2 hours (190 minutes) per day?.

Adhering to this time constraint makes it difficult for personnel involved in HALO jump
training to acquire the necessary skills. Currently, training in the VWT is being conducted with
an authorized waiver for thistime limit. Training in the VWT, therefore, places the HALO
personnel (particularly the MFFI) at serious risk of permanent hearing damage and poses a
significant threat to the health and well-being of the fighting force.

Since the estimate of permissible exposure time was made, U.S. Army Specia Operations
Command (USASOC), the primary user of the VWT, has made efforts to extend the amount of
time that can be spent in the VWT by enhancing the noise attenuation properties of the various
helmets used in this flight smulator. Specifically, modifications were made to two helmets, the
GENTEX® HALO Lightweight Parachutist Helmet (Figure 2) and the ParaSport® Z1 Full Face
Helmet (Figure 3). The HALO Lightweight Parachutist Helmet is manufactured by GENTEX
Corporatior” and is designed for impact protection. The Z1 Full Face Helmet is manufactured
by the Italian company, ParaSport Italia®, and serves as a full-face helmet with a flip-up visor.
This helmet is designed for impact and face protection. USASOC sent both of these helmets to
Oregon Aero for modification to increase their sound attenuating characteristics. Oregon Aero
modified both helmets by placing a pair of SoftSea ™ earcups in each helmet. The SoftSeal ™ is
a soft-sided earcup with an integral earcup seal. The inside of the earcup is filled with
proprietary dense memory foam.

This study was in response to a request from USASOC to measure the effectiveness of these
above- mentioned helmets in reducing the at-the-ear noise exposure levels in an effort to increase
the amount of safe permissible time the HALO jumper could spend in the VWT. USASOC aso
requested that a fifth helmet modification be used in the evaluation. This configuration is the
addition of active noise reduction (ANR) system to the GENTEX® HALO Lightweight
Parachutist Helmet. On site measurements in the VWT were believed necessary to take into
account the effect of the force of the wind stream against the helmet that could not be accounted
for in alaboratory setting.

! Unpublished data reported by Industrial Hygiene (IH), Department of Preventive Medicine, Womack Army
Medical Center (AMC), Fort Bragg, NC.

2 Unpublished data from Hearing Conservation Program, U.S. Army Center for Health Promotion and Preventive
Medicine (CHPPM) as reported by Department of Preventive Medicine, Womack AMC, Fort Bragg, NC.



Figure 2. GENTEX® HALO Lightweight Parachutist Helmet

Figure 3. ParaSport® Z1 Full Face Helmet.



Method

As this was a noise level measurement survey performed on site in a military duty
environment, the experimertal design reflects the circumstances unique to this situation. Noise
level measurements were made inside both earcups (right and left) of each helmet while worn by
aHALO jumper during actual flight ssmulation in the VWT.

Equipment

Noise level measurements were made using a data acquisition and recording system (Sony
DAT recorder PC204A with a Brie & Kjaa (B&K) Acoustic Front End Type 5968) which was
padded and secured in the jumper’ s parachute container in lieu of the standard dummy parachute
(seeFigure 4). A lightweight miniature microphone (Knowles, Model 1832) was secured under
the helmet at each ear canal opening by placing a Silaflex™ formable ear plug in the ear canal
and mounting the miniature microphone on the plug (see Figure 5). A cable, secured under the
flight suit, was used to connect each microphone with to the data acquisition system.

The helmets used in this noise survey were:

1. GENTEX® HALO Lightweight Parachutist Helmet with no modification (HALO
Standard).

2. GENTEX® HALO Lightweight Parachutist Helmet with SoftSeal ™ (HALO
Modified).

3. GENTEX® HALO Lightweight Parachutist Helmet with ANR (HALO with ANR).
4. ParaSport® Z1 Full Face Helmet with no modification (Z1 Standard).
5. ParaSport® Z1 Full Face Helmet with SoftSeal™ (Z1 Modified).

A single noise level measurement, lasting approximately 2 minutes, was made for each
helmet configuration. Specificaly, after the recording equipment was placed in the parachute
pouch and connected to the microphones mounted in the jumper’s ear canals, the system was
activated and the pouch was secured and strapped to the jumper’s back in the customary manner.
The jJumper then donned one of the five helmets, entered the wind stream, and performed simple
flight maneuvers for approximately 2 minutes while the noise recording was made. After exiting
the wind stream, a check was made to verify that the noise sample wasrecorded. The jumper
then replaced the helmet just worn with another helmet and performed similar flight maneuvers
to those made in the first recording while another wind stream recording was then made. This
process was repeated for each of the five helmet conditions. Noise recordings for each condition
lasted approximately 2 minutes to ensure that the subsequent analysis was based on consistent
level recordings and that the recording could be examined for any inconsistencies.



Figure 4. The Sony DAT recorder, PC204A, with the B&K Acoustic Front End,
Type 5968, in the jumper’ s parachute pouch.

Figure 5. Knowles, Model 1832, miniature microphone mounted on Silaflex™ formable
ear plug in the ear cand.



Two free-field noise level measurements using the same data acquisition and recording
system also were made in the VWT, in accordance with (IAW) Military Standard (MIL-STD)
1474D. One of these recordings was of the wind stream noise (WSN) and the other was of the
perimeter noise (PN) outside of the wind stream. In lieu of the miniature microphones, however,
two B&K ¥2-inch microphones (Type 4192) fitted with a B& K nose cone, Type UA0386
(required for measurements in airstreams with high wind speeds), were used to make a two-
channel recording for the WSN and the PN. Each noise sample was recorded for a minimum of
2 minutes. For the WSN measurement, the microphones were held in the wind stream by having
the HALO jumper hold one microphone in each hand and lean into the wind stream from the
edge (see Figure 6). For the PN measurement, the microphones were positioned at the perimeter
of the VWT room outside of the wind stream but still inside the wind tunnel chamber (see Figure
7).

Subjects

Due to the time constraints encountered during the day of the recording, only one jumper was
used to make the noise level recordings. The volunteer participant was required to be a qualified
HALO jumper. 1AW U.S. Army Medical Research and Materiel Command (M RMC)
Regulation 70-25 (1990), Appendix F, paragraphs “g” and “h,” exemption from Human Use
Informed Consent was granted by the Chair of the USAARL Human Use Committee due to the
fact that the jumper was involved in his routine duties.

Results

The analysis of the noise recording consisted of extracting several samples from each
recorded segment and averaging the noise levels by third-octave band center frequencies.
Multiple samples were taken so that the average noise level for each condition would be
representative of the actual noise level. These sample extractions were taken from segments of
the noise recording that were relatively free of anomalies or obvious inconsistencies in the
recording. The third-octave band center frequency noise levels were converted to one-octave
band center frequency data. The A-weighted average for each condition was a so extracted from
the noise recordings. The appendix contains the third-octave band center frequency and A-
weighted noise levels (in dB).

Figure 8 shows the average third-octave levels for WSN and PN, while Figure 9 shows the
average third-octave levels for the at-the-ear noise for the five helmet configurations. Figures 10
and 11 show these same results, respectively, using one-octave data. The A-weighted WSN
average was 122.5 dBA SPL while the PN A-weighted average was 115.8 dBA SPL. It can be
noted from Figures 8 and 10 that the maximum energy for the WSN comes from the frequency
region between 125 Hz and 1 k Hz.



Figure 6. Wind steam noise measurement being taken by holding two B&K microphones (with
noise cones) in the wind stream (subject in foreground).

Figure 7. Perimeter noise measurement being taken by holding the B& K microphone inside the
wind-stream chamber but outside of the wind stream.
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From Figures 9 and 11, it can be seen that the HAL O Lightweight Parachutist Helmet with
ANR allows the lowest at-the-ear noise exposure (i.e., the greatest noise attenuation). The A-
weighted at-the-ear noise level for this helmet configuration is 105.5 dB SPL. The Standard
HALO helmet allows the next lowest at-the-ear noise exposure (110.1 dBA SPL) and the
Modified HALO helmet allows the third lowest at-the-ear noise exposure (111.7 dBA SPL). The
Modified Z1 helmet allows 113.3 dBA SPL average at-the-ear noise level, while the Standard Z1
helmet allows 119.2 dBA SPL average at-the-ear noise level. A closer inspection of Figures 9
and 11 reveals that the distinction for the noise exposure between the Standard HALO helmet
and the Modified HALO helmet lies in the frequency range of noise that is attenuated. When
compared against each other, the former appears more protective at 250 and 500 Hz, while the
later appears more protective above 500 Hz. The HALO helmet with ANR alows the least noise
exposure at al frequencies except 63 Hz and at 2 k Hz, where it is similar to the modified HALO
helmet.

Discussion

USASOC's primary interest in obtaining these noise measurements was to determine if the
modifications made to these helmets would allow the HALO jumpers to extend the amount of
time they could safely spend in the VWT. Using the average at-the-ear octave band noise levels
for each helmet configuration (Figure 7) as the noise exposure level and the average attenuation
values of the E+A*R earplug (Royster et al., 1996)° as the HPD attenuation values, we estimate
the safe permissible noise exposure times as shown in Figure 12.

Figure 12 clearly shows the superiority of the HALO helmet with ANR over the other helmet
configurations in protecting the jumper from the hazardous effects of the noise. This helmet
allows 10.1 hours (605 minutes) per day in the WSN. From Figures 9 and 11, it can be observed
that the frequency region afforded the greatest protection by the HALO helmet with ANR over
the other helmetsis from 250 Hz to 1 kHz, which, as noted previoudly, is the frequency region
with the greatest hazardous noise levels.

The Standard HALO helmet allows 3.9 hours (235 minutes) per day of exposure in the WSN.
This allows just dightly more time (about 45 minutes more) in the VWT than was allowed based
on the results of the previously reported time-limit estimate conducted by U.S. Army Center for
Health Promotion and Preventive Medicine (CHPPM), which limited the permissible WSN
exposure to just less than 3.2 hours (190 minutes) per day.

3 The average attenuation values for the EsA«R earplug are from Subject-Fit data obtained from four different
laboratories around the country participating in a subject-fit study and are representative of the attenuation values
that would likely be obtained by the user in the field (i.e., aHALO jumper in the VWT).

10
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Surprisingly, the data for the Oregon Aero modified HALO helmet allow even lesstime in
the WSN (2.8 hours/day) than the unmodified HALO helmet (3.9 hours/day). No reasonable
explanation is apparent for this unanticipated result. It is possible that thisis an outlier, in which
case, additional measurements would be warranted. It also is possible that further adjustments or
modifications to his helmet may be needed.

The time limits for the Z1 helmets are just more than 0.5 hour for the standard helmet and
just over 2 hours/day for the Oregon Areo modified helmet. The advantage of these helmets, as
previously mentioned, is the added face and impact protection they afford.

In applying these data for time limits, it must be remembered that the time limits are for 24-
hour periods. That is, if oneisinthe WSN up to the maximum time allowed by these data (i.e.,
10.1 hours using the HALO helmet with ANR in combination with the EsA<R plugs), then the
remaining time in the 24- hour period must be spent outside of the VWT at levels less than the
hazardous noise level (85 dBA). Thisis an important point asit is possible that HALO jumpers,
especially the MFFI, can spend severa hours at atime in the VWT.

11



Conclusion and recommendations

Even though this report is based on noise exposure measurements of only one HALO jumper,
the authors believe that the overall data comparisons are sound. That is, the HALO helmet with
ANR provides the lowest at-the-ear noise level followed by the HALO standard helmet, and so
forth, as shown in Figures 9 and 11. We therefore recommend that the HALO with ANR helmet
be the helmet-of-choice for use in the VWT. This helmet, of course, must always be used in
combination with the E*A*R earplug for these time limits to apply. It is reasonable to alow that
the HALO jumper may use one of the other helmets evaluated in this study (alwaysin
combination with the E*A<R earplug) as long as there is strict adherence to the time restrictions
indicated. The result of following this recommendation will be increased hearing protection and
less fatigue than would be attained without adequate hearing protection. These two advantages
can trandate into reduced incidences of noise induced hearing loss as well as increased
performance over extended periods of time in the VWT, respectively. Caution isurged in
attempting to apply these data to actual free-fall jumping, which, it is presumed, would be less
noise hazardous due to the absence of the primary noise source—a jet engine.

It should be noted that no statistical analysis on this data could be made because of the small
sample size. Therefore, if greater statistical accuracy or power is desired, we recommend
additional noise exposure/attenuation measurements be made. We recommend that this be
accomplished in the VWT by taking measurements under each helmet configuration on a
minimum of 10 HALO qualified jumpers in the same manner as was done in this current study.

12
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Appendix

Average third-octave center frequency and A-weighted noise levels (dBA) for all conditionsin
the Vertical Wind Tunnel.
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Third-octave center frequency and A-weighted noise levels (dBA) for all conditions in the Vertical Wind Tunnel.

Third-octave center frequency (Hz)
Condition 25 315 40 50 63 80 100 125 160 200 250 315 400 500
Perimeter Noise 89.4 885 932 90.7 93.0 103.3 123.0 104.7 104.3 116.3 105.7 1104 107.8 107.7
Perimeter Noise 89.6 877 931 885 928 104.6 123.2 104.6 103.6 113.4 1049 108.0 107.8 108.1
Perimeter Noise 101.2 98.3 1024 96,5 98.0 107.0 125.7 107.1 103.5 1126 104.1 108.2 106.2 106.3
Perimeter Noise 100.9 97.7 1015 957 985 108.1 126.0 106.4 103.9 1129 104.6 108.8 107.0 107.4
Perimeter Noise 102.8 100.6 103.8 96.5 96.7 105.3 123.9 105.7 105.1 111.1 1049 108.4 1089 107.4
Perimeter Noise 103.5 100.1 1028 96.2 97.0 106.0 123.8 106.8 105.6 111.0 104.5 109.2 110.5 107.6
Perimeter Noise 102.7 99.9 1038 97.3 979 1074 1258 106.8 103.2 110.7 105.2 110.6 110.8 106.0
Perimeter Noise 103.9 1004 1036 976 989 108.7 126.1 106.9 103.8 110.6 104.7 108.9 109.0 106.6
Average PN 99.3 96.7 1005 949 96.6 106.3 1247 106.1 104.1 112.3 1048 109.1 108.5 107.1
Wind Stream Noise 101.2 979 1000 970 974 1024 116.1 107.7 1127 1195 116.5 1205 118.6 116.5
Wind Stream Noise 99.8 99.6 100.2 99.1 101.7 1095 113.1 107.2 1179 1225 1175 115.1 1140 1122
Wind Stream Noise 108.1 110.6 116.3 111.7 117.1 113.2 116.7 1143 114.2 118.2 1159 117.0 117.0 116.9
Wind Stream Noise 109.5 111.9 1125 112.3 113.3 114.6 1179 1158 1157 1185 116.4 116.8 116.3 116.4
Wind Stream Noise 99.3 98.0 999 939 96.8 102.8 115.7 108.6 1156 1184 1184 1183 117.3 116.2
Wind Stream Noise 101.4 98.1 100.2 969 97.7 102.6 116.6 107.9 112.8 119.7 116.8 120.8 118.7 116.7
Wind Stream Noise 99.0 99.3 989 984 103.1 110.3 1134 107.3 1185 122.6 1169 114.7 1143 113.0
Wind Stream Noise 113.5 118.8 117.4 1156 1144 1139 1174 113.8 1145 119.6 1149 116.2 1151 1144
Wind Stream Noise 111.8 113.2 1139 113.3 113.6 113.6 117.7 1146 1146 119.2 1158 116.2 116.2 116.0
Wind Stream Noise 99.4 98.1 1000 943 974 103.1 116.0 108.9 1157 118.6 118.7 1185 1179 116.7
Average WSN 104.3 1046 1059 103.3 1053 1086 116.1 110.6 1152 119.7 116.8 1174 1165 1155
Standard HALO 1015 97.2 1000 916 945 104.2 1199 107.7 110.7 116.0 1116 113.3 1124 109.6
Standard HALO 981 940 950 864 912 1025 122.7 106.0 103.8 110.9 100.3 104.3 1039 102.7
Standard HALO 107.3 110.7 117.4 117.2 1109 1119 119.6 111.6 109.7 1169 107.1 106.8 102.1 99.6
Standard HALO 109.3 112.1 1171 1171 1116 1115 121.2 111.6 109.9 1159 107.1 107.0 1025 994
Standard HALO 109.4 112.7 115.8 1129 111.7 111.0 1219 112.1 109.6 117.5 1074 107.3 103.5 99.7
Standard HALO 101.6 941 956 91.1 92.6 1029 124.3 1084 105.1 112.4 1021 107.5 101.7 99.9
Standard HALO 100.6 96.9 996 91.0 93.7 102.8 118.2 107.1 110.2 117.4 1139 1147 112.7 109.1

Standard HALO 849 822 877 801 848 971 1135 103.2 107.0 112.3 108.0 109.9 108.4 106.5
Standard HALO 814 788 828 744 806 951 1156 101.7 100.0 1074 96.0 99.8 99.1 99.7
Standard HALO 94,3 1011 109.1 108.3 1050 1055 112.6 1059 104.7 112.2 101.8 1026 98.6 97.0
Standard HALO 96.6 100.8 106.1 108.3 104.8 107.3 115.0 110.6 111.7 1142 1104 108.8 106.0 102.4
Standard HALO 95.8 101.3 105.0 1048 1054 108.0 116.0 1123 112.2 1155 110.6 109.7 106.3 103.3
Standard HALO 847 788 830 778 800 956 1183 103.4 1011 108.7 976 1027 99.0 97.3
Standard HALO 83.6 826 859 787 824 945 111.7 102.1 106.7 1148 1104 110.9 109.0 106.3

Avg: Standard HALO96.4 96.0 100.0 95.7 96.4 103.6 1179 1074 107.3 113.7 106.0 107.5 104.7 102.3
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Third-octave center frequency and A-weighted noise levels (dBA) for all conditions in the Vertical Wind Tunnel.

Third-octave center frequency (Hz)

Condition 630 800 1k 1.25k 1.6k 2k 2.5k 3.15k 4k 5k 6.3k 8k 10k  AWT
Perimeter Noise 109.3 106.0 103.8 103.7 103.2 102.8 102.6 1019 999 987 988 954 89.2 116.1
Perimeter Noise 110.3 108.3 103.6 103.3 101.0 102.2 103.2 101.7 99.8 99.2 988 950 89.7 1161
Perimeter Noise 106.0 103.9 102.4 101.8 101.0 100.8 100.8 100.8 100.1 100.3 99.7 96.0 89.6 1147
Perimeter Noise 109.6 108.6 105.5 1024 102.8 1026 995 985 986 99.2 980 947 90.1 116.0
Perimeter Noise 109.1 107.3 105.6 104.0 1029 102.2 1025 101.0 999 988 975 943 905 1159
Perimeter Noise 109.2 107.1 105.6 104.6 103.0 1024 102.1 101.3 100.0 989 975 944 90.6 116.2
Perimeter Noise 107.6 105.9 105.5 103.6 101.7 101.2 101.3 100.8 99.2 983 971 941 903 1157
Perimeter Noise 107.7 106.3 1048 1035 1019 1013 101.0 1003 99.1 982 96.8 940 90.1 1155
Average PN 108.6 106.7 104.6 103.4 102.2 1019 101.6 100.8 99.6 99.0 980 947 90.0 115.8
Wind Stream Noise 116.7 115.7 114.1 1128 1109 109.3 107.8 106.6 1059 1054 1044 1014 97.0 1239
Wind Stream Noise 111.5 109.9 108.7 107.3 106.4 1049 104.2 100.7 100.2 989 975 951 915 1199
Wind Stream Noise 116.4 1151 114.1 1129 111.7 110.3 108.6 1:06.2 103.8 101.6 999 99.1 985 1235
Wind Stream Noise 116.6 116.1 115.0 1139 1128 111.3 109.5 107.0 1045 102.1 100.3 99.8 995 1240
Wind Stream Noise 115.0 1129 111.4 109.8 108.6 106.9 104.6 104.0 102.7 1015 100.1 97.3 95.0 122.0
Wind Stream Noise 116.9 115.7 1139 1126 1109 109.4 108.1 106.8 106.1 1055 103.6 100.0 97.2 124.0
Wind Stream Noise 111.9 110.3 109.2 107.3 106.1 104.1 1019 101.0 100.0 988 96,5 935 91.0 1199
Wind Stream Noise 114.3 113.0 1115 1100 108.4 106.9 1055 103.3 1014 995 986 985 979 1213
Wwind Stream Noise 116.5 1158 114.7 113.7 112.6 111.1 109.4 107.0 1045 1020 100.2 99.2 98.8 123.8
Wind Stream Noise 115.7 1138 112.3 109.8 108.0 107.2 105.6 103.5 103.0 1020 1004 979 956 1225
Average WSN 1152 1138 1125 1110 109.6 108.1 106.5 104.6 103.2 101.7 100.2 982 96.2 1225
Standard HALO 1071 1034 982 966 915 856 768 682 686 723 703 746 688 1145
Standard HALO 101.9 996 956 951 900 830 726 631 636 673 652 699 651 1093
Standard HALO 98.2 945 902 865 809 769 717 675 709 711 714 76,6 74.0 109.8
Standard HALO 98.2 945 903 866 814 777 725 700 709 691 697 763 748 109.7
Standard HALO 98.7 958 908 868 816 784 731 702 710 692 703 76.6 723 110.6
Standard HALO 1009 978 937 934 888 832 739 661 668 715 725 76.7 69.2 109.7
Standard HALO 1074 1039 990 973 919 863 773 709 697 745 746 80.0 722 1152
Standard HALO 103.2 1011 982 951 917 837 738 658 729 679 674 699 69.1 111.2
Standard HALO 977 976 964 939 896 814 720 648 720 66.7 66.7 681 67.6 1056
Standard HALO 951 934 910 878 867 802 775 718 731 734 714 733 732 1056
Standard HALO 100.8 99.0 963 934 904 864 873 878 857 823 869 809 768 110.6
Standard HALO 101.0 983 99 919 889 8.0 872 877 864 830 866 800 759 1111
Standard HALO 977 957 941 918 888 814 741 701 726 681 699 715 67.7 1058
Standard HALO 1040 1020 992 956 913 848 746 683 721 683 694 721 689 112.1
Avg: Standard HALO100.9 98.3 949 923 88.1 824 760 709 726 718 723 748 71.1 110.1
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Third-octave center frequency and A-weighted noise levels (dBA) for all conditions in the Vertical Wind Tunnel.

Third-octave center frequency (Hz)
Condition 25 315 40 50 63 80 100 125 160 200 250 315 400 500
Modified HALO 100.0 96.3 998 904 931 1024 116.8 1044 108.6 113.8 114.3 116.2 113.8 108.7
Modified HALO 108.9 110.8 112.3 110.7 1114 110.0 120.6 109.1 106.9 113.1 106.6 108.8 103.7 101.1
Modified HALO 1145 1175 120.2 120.2 116.9 115.6 1199 1134 1115 1146 109.1 108.9 105.0 100.6
Modified HALO 115.3 1155 1218 1220 117.1 116.3 119.7 1131 112.3 1147 1094 109.1 105.6 101.2
Modified HALO 100.8 98.1 101.3 879 91.0 1095 116.3 104.1 111.0 113.8 113.7 113.8 112.0 1074
Modified HALO 869 866 912 86.7 889 983 113.0 1028 108.1 113.7 1144 1165 115.0 111.7
Modified HALO 92.3 953 986 103.2 100.8 101.2 1155 103.1 101.7 110.1 102.7 1049 102.0 100.8
Modified HALO 102.8 109.6 111.2 111.0 110.1 1105 1186 111.3 110.0 116.1 110.1 1104 106.9 103.7
Modified HALO 106.3 108.7 112.6 112.8 1115 1125 119.1 110.8 110.1 1169 110.3 111.6 109.0 105.8
Modified HALO 869 876 915 844 875 1054 1134 102.6 1105 113.7 1142 1147 113.2 110.7
Avg: Modified HALO101.5 102.6 106.1 1029 102.8 108.2 117.3 1075 109.1 1141 1105 1115 108.6 105.2
HALO with ANR 101.7 995 101.8 93.7 97.2 107.4 121.0 106.7 108.0 112.3 108.0 107.3 103.5 101.1
HALO with ANR 106.6 109.9 111.4 1101 109.7 1109 1246 112.2 108.0 113.6 1051 107.1 100.4 95.3
HALO with ANR 1159 1195 123.3 122.3 116.7 115.1 116.7 1135 1109 109.0 1053 1014 99.1 951
HALO with ANR 116.9 120.2 122.3 123.2 118.1 116.2 117.2 113.6 111.6 109.0 105.7 101.6 99.4 955
HALO with ANR 116.7 120.7 1246 123.8 1179 1164 1176 1144 1123 1108 106.8 103.6 100.6 96.8
HALO with ANR 806 796 826 758 794 911 1064 914 958 102.1 994 1025 98.9 100.1
HALO with ANR 98.4 102.8 107.6 1085 108.8 109.8 111.4 104.6 1005 1051 96.6 99.6 93.6 929
HALO with ANR 104.3 1074 116.4 1159 1114 111.2 113.9 109.6 107.5 108.3 102.2 99.3 96.8 954
HALO with ANR 1055 111.1 115.3 116.7 1109 109.5 113.6 109.2 106.9 107.7 1019 996 976 956
HALO with ANR 106.7 111.7 1182 118.7 1115 1109 113.7 1103 1074 1085 103.1 100.3 98.1 96.7
Avg: HALO ANR 1053 108.2 1124 1109 108.2 109.9 1156 108.6 1069 108.6 1034 102.2 98.8 96.5

Standard Z1 100.0 978 978 949 97.3 107.8 1132 1055 117.1 120.8 1154 114.7 116.3 1151
Standard Z1 1109 1121 1139 113.6 112.7 1119 1216 1125 1114 1178 1121 114.7 113.3 111.9
Standard Z1 110.3 112.0 116.1 116.8 113.3 1129 122.7 114.0 113.0 1184 1123 115.0 113.8 1115
Standard Z1 109.3 110.3 1148 1151 1121 114.0 122.2 1132 1122 1195 1122 115.0 113.8 111.7
Standard Z1 1125 1152 1169 1169 114.1 1148 1194 1139 113.6 1193 113.6 1155 1142 1127
Standard Z1 98.7 968 995 963 984 102.6 114.2 106.6 111.1 1175 116.7 118.6 1194 118.6
Standard Z1 905 90.7 924 918 946 1034 1089 1025 1158 120.3 1148 1143 1157 1155
Standard Z1 949 989 1057 105.0 106.3 108.9 118.6 111.7 112.0 117.3 113.7 1165 1143 113.6
Standard Z1 96.8 100.8 105.8 106.3 106.0 108.0 119.5 1109 1101 1184 111.1 1151 1131 112.2
Standard Z1 97.3 101.8 1079 106.1 105.7 108.6 1189 1114 111.7 1193 1123 1152 113.7 1129
Standard 71 97.9 1025 107.2 1094 1089 110.7 117.0 113.1 1140 1193 1144 116.1 1159 1144
Standard 71 91.7 932 951 948 96.1 995 109.7 104.1 109.0 116.6 116.2 1184 1189 118.5

Avqg: Standard Z1 100.9 102.7 106.1 105.6 1055 108.6 117.2 110.0 112.6 118.7 113.7 1158 1152 114.1
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Third-octave center frequency and A-weighted noise levels (dBA) for all conditions in the Vertical Wind Tunnel.

Third-octave center frequency (Hz)

Condition 630 800 1k 1.25k 1.6k 2k 2.5k 3.15k 4k 5k 6.3k 8k 10k  AWT
Modified HALO 1029 976 932 883 817 744 704 672 686 703 69.2 671 629 1147
Modified HALO 958 89.7 857 812 746 679 658 629 616 636 633 601 59.7 108.8
Modified HALO 959 913 877 840 795 750 721 690 66.7 679 668 655 635 110.0
Modified HALO 96.1 922 884 854 810 762 732 702 685 696 69.2 679 64.6 1103
Modified HALO 101.2 957 911 864 796 728 69.1 669 683 70.2 663 629 61.0 1132
Modified HALO 107.0 1022 977 930 845 762 729 707 753 771 727 659 611 1159
Modified HALO 980 930 893 842 759 66.0 631 614 621 648 649 612 59.8 106.2
Modified HALO 998 950 908 858 795 739 721 699 709 727 695 668 620 111.1
Modified HALO 101.3 969 927 884 823 775 754 738 751 753 736 70.6 647 1122
Modified HALO 1056 1011 961 917 834 749 704 682 745 783 750 70.2 64.3 1147
Avag: Modified HALO100.4 955 913 868 80.2 735 705 680 692 710 69.1 658 624 111.7
HALO with ANR 989 925 880 862 816 801 774 742 723 70.8 651 595 60.0 108.8
HALO with ANR 929 873 827 803 766 770 768 748 735 71.8 656 61.7 59.6 109.3
HALO with ANR 917 880 854 845 802 740 70.2 669 652 637 613 621 642 106.3
HALO with ANR 91,7 887 863 855 809 750 714 680 66.2 653 630 650 66.1 106.7
HALO with ANR 933 899 869 841 807 766 739 703 696 686 643 622 605 107.7
HALO with ANR 971 912 835 828 797 741 711 666 641 637 653 609 59.8 1029
HALO with ANR 913 853 769 758 731 703 70.0 665 657 636 654 611 59.8 100.8
HALO with ANR 928 884 817 821 800 756 741 675 650 637 634 601 599 103.9
HALO with ANR 929 879 816 825 796 754 735 673 652 642 623 600 602 103.7
HALO with ANR 941 895 823 815 803 765 738 676 655 646 623 604 60.0 104.5
Ava: HALO ANR 93.7 889 835 825 793 755 732 690 672 66.0 638 61.3 61.0 105.5
Standard Z1 113.8 111.8 108.2 1039 1015 995 968 93.0 899 879 859 825 768 119.8
Standard Z1 111.3 1084 104.2 1003 976 959 943 909 88.0 863 843 813 759 1171
Standard Z1 111.0 108.5 104.2 1000 97.2 950 935 907 879 857 832 805 751 117.2
Standard Z1 110.8 108.4 104.2 1001 97.0 950 936 908 875 851 839 809 763 117.3
Standard Z1 111.7 109.1 105.1 1015 984 96.7 953 922 89.2 873 856 827 775 1179
Standard Z1 1174 1151 1115 1081 1055 103.3 1005 964 932 912 899 87.1 814 1227
Standard Z1 115.0 113.2 110.1 107.1 1044 1023 1000 949 865 874 880 783 726 1205
Standard Z1 1129 110.2 107.2 104.1 101.7 100.1 985 941 87.1 869 880 813 741 1187
Standard Z1 112.4 110.3 106.5 103.3 100.8 99.2 984 943 854 849 871 807 711 1179
Standard Z1 112.6 110.6 107.2 1035 1009 988 977 935 86.1 86.2 873 79.6 740 1184
Standard Z1 1139 111.8 109.2 106.4 1040 1018 996 956 90.1 888 881 819 76.7 1199
Standard 71 1176 1159 113.1 110.2 107.2 1048 1018 96.8 91.7 899 89.2 813 774 123.0
Avg: Standard 71 1134 111.1 107.6 1040 1014 994 975 936 886 873 86.7 815 757 119.2
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Third-octave center frequency and A-weighted noise levels (dBA) for all conditions in the Vertical Wind Tunnel.

Third-octave center frequency (Hz)

Condition 25 315 40 50 63 80 100 125 160 200 250 315 400 500
Z1 Modified 101.7 99.6 100.3 956 943 1065 1124 1048 1138 117.2 113.0 112.8 112.1 1104
Z1 Modified 102.0 96.0 96.7 914 931 1028 1244 108.2 105.2 112.7 102.8 106.6 104.5 103.2
Z1 Modified 1154 1154 120.1 1220 118.7 117.3 1195 117.0 1169 1195 113.3 1124 109.4 107.0
Z1 Modified 1144 116.3 117.2 1196 117.1 115.1 120.1 1148 113.3 116.6 110.2 110.7 107.6 105.1
Z1 Modified 115.6 119.6 1227 126.0 1223 117.1 1183 116.0 1149 1150 1114 110.0 107.0 104.7
Z1 Modified 1001 96.4 977 875 914 1089 113.7 106.1 112.2 1141 1134 112.8 1129 1109
Z1 Modified 88.1 882 90.7 883 89.0 101.6 1089 1024 1124 116.8 1124 1124 111.0 109.9
Z1 Modified 884 846 883 839 859 992 1216 106.8 104.3 114.1 101.2 107.7 1029 104.3
Z1 Modified 102.1 104.3 110.1 115.1 1159 1151 117.7 116.2 116.0 119.1 113.0 1124 1094 107.8
Z1 Modified 100.7 106.2 108.5 1135 1125 1116 1176 1129 1123 116.3 109.4 110.7 106.5 105.0
Z1 Modified 103.5 109.1 1156 120.7 1188 114.7 117.1 113.1 113.2 116.3 1104 109.4 106.7 105.3
Z1 Modified 858 851 871 811 853 1028 109.5 103.6 111.1 113.0 1124 1124 111.7 110.1

Avg:Modified 71 1015 101.7 104.6 103.7 103.7 109.4 116.7 110.2 112.1 1159 110.2 110.9 108.5 107.0

Third-octave center frequency (Hz)

Condition 630 800 1k 1.25k 1.6k 2k 2.5k 3.15k 4k 5k 6.3k 8k 10k AWT
Z1 Modified 107.2 1036 994 944 878 8l6 758 701 66.8 651 623 601 595 1147
Z1 Modified 103.2 99.0 934 884 814 755 708 663 634 622 611 59.8 59.2 1103
Z1 Modified 104.7 1010 965 918 873 834 800 766 738 731 719 694 653 1145
Z1 Modified 1024 988 945 896 844 802 767 741 726 721 703 674 627 1122
Z1 Modified 102.3 989 947 905 858 8l6 779 744 717 696 675 647 616 1121
Z1 Modified 108.9 1049 1008 964 901 832 770 719 681 671 638 61.0 59.6 1151
Z1 Modified 107.5 105.7 104.4 100.7 941 869 805 755 712 690 666 646 619 1149
Z1 Modified 1024 100.1 982 946 882 819 765 717 687 669 66.0 641 615 1102
Z1 Modified 106.5 105.1 1029 995 947 900 863 834 827 805 761 712 668 1150
Z1 Modified 104.0 102.4 100.5 968 918 868 829 798 794 777 736 69.0 646 1124
Z1 Modified 104.3 102.4 1000 953 893 828 777 736 699 679 665 638 618 1124
Z1 Modified 108.8 107.1 106.3 1029 96.7 89.7 841 794 750 712 678 650 616 1154

Avg:Modified 71 1052 1024 993 951 893 836 789 747 719 702 678 650 622 1133






